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FOREWORD 

This Indian Standard which is identical with I EC Pub 941 (1988) 'Mechanical endurance 
functional tests for electrical insulation systems', issued by the International Electrotechnical 
Commission ( lEC ) was adopted by the Bureau of Indian Standards on the recommendation of 
the Electrical Insulation Systems Sectional Committee ( ET 04 ) and approval of the 
Electrotechnical Division Council. 

The text of lEC publication has been approved as suitable for publication as Indian Standard 
without deviations. Wherever the words 'International Standard' appear referring to this 



CROSS REFERENCES 

In this Indian Standard, the following 
respective place the following; 

International 
Standard 



International Standards are referred to. Read in their 



lEC 68-1 ( 1988 ) Environ- 
mental testing — Part 1 : 
General and guidance 

I EC 68-2 ( 1975 ) Environ- 
mental testing — Part 2 : 
Tests 

lEC 505 ( 1975 ) Guide for 
the evaluation and identifi- 
cation of insulation systems 
of electrical equipment 

I EC 610 ( 1978 ) Principal 
aspects of functional evalu- 
ation of electrical insulation 
systems: Ageing mechan- 
isms and diagnostic 
procedures 

lEC 792-1 (1988) The 
multi-factor functional test- 
ing of electrical insulation 
systems — Part 1 : Test 
procedures 



Indian Standard 



IS 9000 ( Part 1 ) : 1988 Basic 
environmental testing procedures 
for electronic and electrical items: 
Part 1 Genera! ( first revision ) 

IS 9000 Series 



IS 11182 ( Part 1 ) : 1 984 Guide 
for evaluation of insulation 
systems of electrical equipment : 
Part 1 Identification evaluation 
and ageing mechanisms 



IS 11182 ( Part 7/Sec 1 ) : 1986 
Guide for the evaluation of insu- 
lation systems of electrical 
equipment : Part 7 Multifactor 
functional testing. Section 1 
Test procedures 



Degree of 
Correspondence 

Not equivalent 



Not equivalent 



Technically 
equivalent 



Technically 
equivalent 



Only the English language text in the International Standard has been retained while adopting 
it in this Indian Standard. 
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Indian Standard 

GUIDE FOR EVALUATION OF INSULATION 
SYSTEMS OF ELECTRICAL EQUIPMENT 

PART 5 MECHANICAL ENDURANCE FUNCTIONAL TESTS 

INTRODUCTION 

Mechanical stresses as ageing factors of electrical insulation systems 

Electrotechnicai equipment may experience mechanical stresses from 
many causes during manufacture, transport, erection and operation. In 
certain types of equipment the presence, during operation, of mechan- 
ical stresses from electrodynamic, electromagnetic and thermal forces, 
has been shown to be one of the main causes of changes in their 
insulation systems. 

The transformation of mechanical stress into a major insulation 
system ageing factor depends on various causes - the mechanical 
stress level, type of equipment, service conditions, type of insulating 
material, etc. As emphasized in lEC Publication 505, it is often 
necessary to reproduce by functional testing the ageing processes 
which occur in service, in order to estimate the serviceability of the 
insulation system for a particular application. 



This report deals with methods for evaluating insulation systems; 
when mechanical stress ageing is a contributing or dominant factor in 
determining service life. It presents basic principles and approaches 
that have been found to work, even in the absence of theoretical 
explanations, based on service experience data and research practice. 



Further development of test methods for evaluating the mechanical 
stress endurance of insulation systems is expected through co- 
operation between the Equipment Technical Committees and lEC 
Technical Committee No. 63. 



1 . Scope 

This report provides a guide for I EC Equipment Technical Committees 
to assist them in developing mechanical functional test procedures for 
insulation systems designed for their specific equipment. 



This report is applicable to such cases where mechanical stress is 
the dominant ageing factor. It may also be an important consideration 
for use in multi-factor functional tests. 
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2. General considerations 

Only mechanical stress ageing occurring during equipment operation 
is considered in this report. 



Functional tests for mechanical ageing of insulation systems differ 
significantly from mechanical tests on insulating materials. The 
performance of systems is not only affected by the composite structure 
of insulating materials, but also by the associated parts which 
influence mechanical behaviour. Changes in any component may change 
the mechanical characteristics of an insulation system. 



2.1 Ageing effects 

Mechanical stresses applied to an insulation system may have ageing 
effects which can be present either alone or in combination. The 
principal effects are: 

fatigue failure of insulation components caused by a large number 
of low- level stress cycles; 

breaking of insulation by high levels of mechanical stress such as 
may be caused by great external forces or abnormal operating 
conditions of the equipment; 

abrasive wear caused by relative motion between equipment 
components; 

insulation creep or flow under stress. 

Generally these phenomena are not evenly distributed throughout the 
volume of insulation. 



3. Experience with mechanical functional tests 

National standards for mechanical ageing tests of electrical insulation 
systems are not well developed. Most of the published material relates 
to the use of mechanical stresses for brief periods at normal service 
levels to serve as diagnostic aids in evaluating deterioration caused by 
another ageing stress; or to short-time exposure to relatively severe 
levels to evaluate the resistance of an apparatus to electromagnetic 
forces which may accompany short-circuits in power equipment, or to 
an externally applied mechanical stress that may be characteristic of 
specific applications. 



The realization that service level mechanical stresses in certain types 
of power equipment could be more important in determining insulation 
and equipment life than ageing due to thermal exposure has en- 
couraged the development of mechanical testing methods for insulation 
systems. However, the published work on mechanical ageing, either on 
actual equipment or on functional test models, is only a small fraction 
of the work published on thermal ageing, or even on voltage 
endurance. 
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A contributing factor to the lack of standardized mechanical stress 
ageing functional tests of insulation systems is the slow development of 
accepted theories which relate accelerated mechanical stress ageing to 
service level stress ageing. General relationships (such as the 
Arrhenius relationship applicable to thermal ageing) for accelerating 
and extrapolating mechanical stress ageing have not been demon- 
strated. Accelerated mechanical ageing of insulation systems has been 
largely limited to conditions only slightly above service amplitudn and 
frequency. 



Mechanical functional testing models tend to be complex and require 
considerable investment to create and operate, since full-size .sections 
of apparatus must ofteci be built to produce realistic results. 



4. Assesment of mechanical stress as an ageing factor 

4.1 Test variables and other aspects 

Ageing tests under mechanical stress may be performed whenever 
this stress is considered to act as an ageing factor. In the present 
state of knowledge, it is not possible to give complete and definite 
rules for every case. Equipment Technical Committees should determine 
which aspects of mechanical ageing are important in specific cases. 

The damaging effect of mechanical ageing stress is dependent On 
the nature of the insulation systems and equipment being tested, as 
well as on the amount of ageing at any time. Conditions which are 
normally important include the equipment duty cycle and the 
occurrence of unusual loads due to extreme service conditions or other 
electrical transients. 

4.2 Reasons for mechanical testing 

While mechanical stress ageing may not be a factor in the service life 
of many equipment types, experience has shown that in certain cases 
it is the dominant factor. Past experience has shown that useful test 
procedures were developed when there was a record of mechanical 
failure of insulation systems in service. 



Equipment Technical Committees should consider the developing of 
test procedures to be used when; 

there is, or there may be, an expected increase in the thermally 
or electrodynamically generated mechanical stresses caused by 
modifications in size, rating, duty cycle, environment, distribution 
of temperature, or cycles more severe than previously experienced. 
This is particularly relevant to polymeric insulation in which 
cumulative damage cap occur; 
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the equipment is liable to be subjected to constant or repetitive 
externally or environmentally imposed mechanical stress that may 
cause cumulative damage to the insulation system. 



4.3 Presence of other factors 

It is possible that mechanical stress will become an ageing factor 
only in the presence of another factor, e.g. mechanical stress and a 
fluid can cause environmental stress cracking. The mechanical pro- 
perties of many insulation systems change significantly from ambient 
temperature conditions at equipment start-up to peak service 
temperatures. Other erivironmental factors, such as humidity and 
contaminants, may also change mechanical properties. 



The ageing rate produced by other factors may also be influenced by 
the presence of mechanical stresses, either directly or indirectly. 



Note.- ItC Publication /\32-'\ should be consulted before preparing 
combined tests for two or more ageing factors. 



4.4 Types of mechanical testing 

There are, broadly speaking, three types of tests: 

acceptance test to establish that new equipment (or a new test 
object) is properly designed and manufactured for a specific duty 
cycie; 

test of suitability for service to evaluate equipment in use, or as a 
diagnostic procedure for endurance tests of insulation systems; 

endurance test, which causes accelerated ageing, to estimate the 
long-term capability of the insulation system. 

Testing of the first type has been carried out for many years and is 
described in lEC Publications 68-1 and 68-2. In general, these publi- 
cations appiv to externally generated environmental damage and Equip- 
ment Technical Committees should refer to them for guidance whenever 
an insulation system functional test, or an overall equipment test, 
includes mechanical stresses which are generated either externally to 
the equipment or by the environment. However, the information in 
some of these publications will also be valuable in establishing the 
detailed procedures of mechanical "endurance tests. 

Endurance tests of the third type utilize intensified mechanical stress 
as the ageing factor of influence to evaluate insulation systems compa- 
ratively. These tests are characterized by accelerated ageing as 
compared to the ageing rate under normal service conditions. 
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5. Ageing acceleration 



The development of accelerated functional testing for mechanical 
stresses has been complicated by the very large number of stress 
cycles that may accumulate on equipment under normal duty cycles. 
Test acceleration by significantly increasing the frequency of stress 
application is restricted by the requirement that only failure modes 
found in service be produced. 

Attempts to accelerate ageing by increasing the level of test stresses 
have also been limited to moderate intensification to avoid introducing 
failure mechanisms that do not occur in service. 



Tests to evaluate mechanical ageing of insulation systems have not 
been developed for most equipment types until experience has shown 
that service levels of mechanical stress produce insulation system 
ageing which may lead to equipment failure. 



To be practicable, these tests require the development of accepted 
intensified stress testing, so that insulation ageing may be obtained in 
tests which are quickly run, as compared to normal service life. 
However, a recognized theory is not available to relate accelerated 
mechanical ageing to ageing obtained in service. In a few simple cases 
the equivalence of accelerated and service mechanical ageing rates has 
been demonstrated, and test procedures based on these findings are in 
use. 



Stress intensification is controlled by the model design and by the 
severity of the test conditions. Any level of stress intensification 
beyond service conditions should only be permitted after careful 
study and trials have shown that failure mechanisms caused by the 
selected mechanical stress test level are comparable to those found in 
service experience. Further guidance in selecting accelerated ageing 
conditions that do not change ageing mechanisms during mechanical 
functional tests may be found in lEC Publication 610. 



5.1 Acceleration by frequency increase 

The fatigue life of an insulation system component may often be 
conveniently determined by accelerating the stress frequency. This 
technique may be used when the additional heating caused by the 
increased thermal energy dissipated in the specimen is negligible, or is 
controlled by additional cooling. 

Unwanted resonance conditions shall not be introduced by frequency 
acceleration. If they occur, the amplitude of stress application may 
significantly exceed desired limits and invalidate the results; 
therefore, the stress amplitude must be known and controlled at all 
times. 
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Insulation systems may be sensitive to the rate of mechanical stress 
application and thus experience non-linear changes in ageing rates as 
the frequency of cyclic mechanical stress is increased. Possible 
evidence of change in response may be fouryd by comparing mechanical 
hysteresis curves, or wave shapes, at service stress and frequency 
with .similar curves at higher frequencies desired for ageing 
acceleration. Som'e control over these phenomena may be obtained by 
imposing limits on the allowable changes in the shape of these curves 
during accelerated mechanical functional testing. 



5.2 Repetition rate acceleration 

Some types of mechanical stress exjjerienced by insulation- systems in 
service are of a random or periodic nature and not continuously 
applied. Mechanical stresses caused by electrical transients due to 
starting, stopping, switching, load changing, short-circuits or other 
aspects of the duty cycle may be accelerated by decreasing the 
interval between applications of the stresses relative to that expected 
in service. This can be done without increasing either the amplitude or 
the frequency of mechanical stress and permits, in many cases, signi- 
ficant acceleration of testing without change of ageing mechanisms. 
Care should be exercised to ensure that the increased rate of stress 
application does not cause excessive heating of the insulation under 
test. 



5.3 Acceleration by stress level increase 

The mechanical ageing of insulation systems by greatly increasing 
the stress levels is less generally practised except in creep studies. 
However, stresses moderately higher than service stresses are 
commonly used to provide a safety factor and are often used in a 
frequency or repetition rate acceleration. 



5.4 Scatter in results 

The inherent variability of insulation system specimens and the 
normal inaccuracy^f stress application will Vesult in a dispersion of 
measurement results, even when a number of specimens are manufactured 
in the same way and tested under the same nominal conditions. 

The Equipment Technical Committee should take these considerations 
into account when specifying the number of specimens and the choice of 
test levels to establish an endurance curve. 
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6. Conclusions 



Functional tests for the evaluation of insulation systems subjected to 
mechanical ageing in equipment are in limited use. Most of the 
progress in test development has been made with equipment types 
which have a history of service failures due to mechanical stress 
ageing of their insulation systems. 



In common with functional tests for the other factors of influence 
described in I EC Publication 505, these tests are comparative evalua- 
tions of a new, or changed, insulation system with a service-proven 
insulation system for similar equipment. Absolute or non-comparative 
mechanical endurance tests for insulation systems are not possible at 
present. 



The absence of generally accepted theories for mechanical ageing has 
led to the development of empirical methods of relating the accelerated 
mechanical ageing rate to the service ageing rate, or estimated per- 
formance, for some equipment types. Useful mechanical functional tests 
for other types of equipment can be developed with the information in 
this report, including Appendix A, and in textbooks on mechanical 
endurance testing. 
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APPENDIX A 
MECHANICAL ENDURANCE TESTS 



Al . Mechanic al ageing stresses 

A1.1 Origin of stress: Electrodynamic forces, temperature variations, 
external and internal mechanical forces, or combinations of these. 

A1.2 Type of stress: Tension, compression, bending, torsion, shear, 
abrasion, or combinations of these. 

A1.3 Application of stress: Static, impact, vibration, or combinations of 
these. 

A2. Methods of acceleration of the ageing process 

A2.1 Increasing magnitude of the stress generally increases the ageing 
steeply, but in a way that is likely to be unpredictable. Applicable to 
most stress types in Sub-clause A1.2. 

A2.2 Increasing frequency: Applicable to most vibrating and impact 
stresses and to static stresses of a temporary character. Increasing 
frequency generally increases the ageing rate, but in an unpredictable 
way. Overheating due to internal or f rictional losses should be 
avoided. 



A2.3 Increased repetition rate: used to accelerate mechanical ageing 
causes by transient phenomena. 

A3. Diagnostic procedures 

(Cyclic measures or applications of specific stresses. End-point when 
preset limits are exceeded.) 

A3.1 Application of electric stress. Overvoltage test: Proof test, break- 
down voltage, etc.; insulation resistance during humidification; loss 
tangent, loss energy; partial discharge measurement. 

A3. 2 Application of mechanical stress: Periodic application of an appro- 
priate stress in an endurance test, change in force to reach a 
specified displacement, etc. Mechanical strength measurement on 
selected test objects. Vibration, bending, impact, abrasion resistance, 
shear; possibly connected with Sub-clauses A3.1 and A3. 3. 

A3. 3 Humidification: absorption, condensation: In connection with Sub- 
clauses A3.1 and A3. 2. 

A3. 4 Visual inspection: Cracks, delamination, porosity, colour, indication 
of wear, loosening of parts, dust from fretting. 

A3. 5 Physical properties: Thermal conductivity, hardness, density. 
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